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THE MANUFACTURE OF CARBORUNDUM 
AT NIAGARA FALLSI 

'T'HE first carborundum furnace consisted of an iron bowl 
A lined with carbon, and a carbon rod ; a mixture of clay 
and carbon was introduced into the bowl, and the rod placed in 
the mixture. A current sufficient to fuse the mixture, or at 
least to bring it to a very high temperature, was now passed 
through the furnace, the iron bowl and carbon rod serving as 
terminals or electrodes. When the current was cut off, and the 
furnace had cooled down, it was opened, with the result that a 
few bright blue crystals were found surrounding the carbon rod. 

The furnaces constructed after this first experiment approached 
more nearly in form the furnaces in use to-day. They were 
built of brick, their internal dimensions being 10 inches in 
length, 4 inches in width, and 4 inches in depth. The terminals 
were a pair of carbons, which could be moved longitudinally, 
thus permitting the distance between them to be altered at 
pleasure. These were essentially arc furnaces ; that is to say, 
the idea was to form an arc between the terminals, and to bring 
about the necessary chemical changes by the high temperature 
thus produced. It was soon found, however, that this method 
of working was not satisfactory, and the incandescent furnace, 
which is the kind that is now adopted, was therefore constructed. 


Fig. i.—C arborundum furnace ready for operation. 


Into furnaces of this kind a core consisting of granulated coke, 
which forms a continuous electrical connection between the 
carbon terminals, is introduced. By adjusting the diameter of 
the core to the proper size, it is heated to a sufficiently high 
temperature, by the passage of the current to convert the sur¬ 
rounding mixture into carborundum. 

It was at first supposed that the crystals formed in the furnaces 
were a compound of aluminium and carbon, but it was soon 
found that the amount and quality of the carborundum depended 
on the amount of silica present in the mixture. A good glass 
sand was, therefore, substituted for the clay in the mixture. It 
was also found that the addition of a little salt to the mixture 
facilitated the running of the furnaces. Some trouble was ex¬ 
perienced from the gases formed during the running of a furnace, 
and to lessen this, sawdust was added to the mixture to render it 
porous, and to allow the free escape of the gas. The output of 
these small furnaces amounted to about a quarter of a pound a day. 

The crude materials for the manufacture of carborundum at 
Niagara Falls are sand, coke, sawdust, and salt. These are 
ready for immediate use, with the exception of the coke, which 
must be reduced to kernels of a certain size, to be used as 

1 Abridged from a paper by Mr. Francis A. Fitzgerald, in the Journal of 
the Franklin Institute, February 1897. 


“ core,” and ground to a fine powder, to be used in making the 
mixture or charge for the furnaces. The furnaces are built of 
brick, and have the form of an oblong box, the internal dimen¬ 
sions being, approximately, 16 feet in length, 5 feet in width, 
and 5 feet in depth (Fig. 1). The ends are built up very solidly, 
with a thickness of about 2 feet. In the centre of either end are 
the terminals, consisting of sixty carbon rods 30 inches long and 
3 inches in diameter. The outer ends of the carbons are 
enclosed in a square iron frame, to which is screwed a stout 
plate, bored with sixty holes corresponding to the ends of the 
carbons. Through each of these holes is passed a short piece of 
8-inch copper rod, fitting tightly in a hole drilled in the carbon. 
Finally, all the free space between the inside of the plate and 
the ends of the carbons is tightly packed with graphite. Each 
plate is provided with four projections, to which the cables con¬ 
veying the current may be bolted. These ends are the only per¬ 
manent parts of the furnace ; the remainder is built up every 
time the furnace is operated. 

The side walls of the furnace are first built up to a height ot 
about 4 feet. Pieces of sheet iron are then placed at a distance 
of about 4 inches from the inner ends of the carbon terminals in 
such a way as to keep the mixture from coming in contact with 
the latter. The mixture is then thrown into the furnace until 
it is rather more than half full. A semicircular trench, having 

a radius of 10J inches, and 
extending from end to end 
of the furnace, is now formed, 
the bottom of the trench 
being a little above the level 
of the bottom row of carbons. 
Into this trench is introduced 
the core, which has been 
carefully weighed, so that 
the amount required to make 
the core of the right size is 
used. All the core having 
been emptied into the trench, 
t he top is rounded oft' neatly 
by hand, so that, when 
finished, we have a solid 
cylinder 21 inches in diam¬ 
eter and about 14 feet long, 
composed of small pieces of 
coke, and extending from 
the sheet iron plates at 
either end of the furnace. 

The next operation is to 
make the connections be¬ 
tween the core and the ter¬ 
minals. This is done by 
packing finely-ground coke 
into the spaces between the 
ends of the carbons and the 
pieces of sheet iron, after 
which the walls are built 
up to a height of about 
5 feet, the pieces of sheet 
iron removed, and more mixture thrown in and heaped up to 
a height of about 8 feet. 

All that is required now to make carborundum is the electric 
current. The current as supplied from the Niagara Falls 
Power Company has an electromotive force or pressure of 2200 
volts, so that in order to use it in the furnaces it must be trans¬ 
formed to a lower voltage. The, transformer at the Carborun¬ 
dum Works has a maximum capacity of 830 kilowatts, or about 
1100 horse-power, and transforms the 2200-volt current into one 
of only 185 volts. Associated with the transformer is a regu¬ 
lator, by means of which the current from the former can be 
raised to 250, or lowered to 100 volts. 

After the circuit has been closed in the transformer-room, no 
apparent change occurs in the furnace for about half an hour. 
Then a peculiar odour is perceived, due to escaping gases, and 
when a lighted match is held near the furnace walls the gas 
ignites with a slight explosion. When the current has been on 
for three or four hours, the side walls and top of the furnace are 
completely enveloped by the lambent blue flame of carbon 
monoxide gas, formed by the combination of the carbon of the 
coke with the oxygen of the sand. During the run of a single 
furnace 5 \ tons of this gas are given off. At the end of four or 
five hours the top of the furnace begins to subside gradually, 
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fissures form along the surface, from which pour out the yellow 
vapours of sodium. Occasionally, the mixture on the top of 
the furnace is not sufficiently porous to allow the rapid escape 
of the gases. The result is, that the latter accumulate until the 
pressure is so great that, at some weak point in the mixture 
above, a path is forced open and the gases rush out violently. 
It is mainly for the purpose of avoiding this “blowing ' 5 that the 
sawdust is put in the mixture, since the former, by making the 
mixture porous, allows the gases to escape freely. 

At the end of about twenty-four hours the current is cut off 
from the furnace, and it is allowed to cool for a few hours. 
Then the side walls are taken down and the unchanged mixture 
raked off the top of the furnace, until the outer crust of 
amorphous carborundum is reached. This crust is cut through 
with large steel bars, and can then be easily removed from the 
inner crust of amorphous carborundum. The inner crust is 
next removed with a spade, and the crystalline carborundum 
exposed. 

A cross-section of a carborundum furnace presents an interest¬ 
ing and beautiful appearance (Fig 2). In the centre is the core, 
which, on examination, is found to be very different in some of 
its physical characteristics from the coke of which it was 
originally composed. It no longer possesses a bright metallic 
appearance. Many of the kernels are quite soft, and can be 
squeezed between the fingers, 
leaving on them a mark like 
black lead. In fact, the high 
temperature to which the 
core has been raised has 
driven off all impurities 
from the coke, leaving 
nothing but pure carbon, 
either in the amorphous or 
graphitic form. From the 
core radiate beautifully- 
coloured carborundum cry¬ 
stals to a distance of 10 or 
12 inches. A single furnace 
yields over 4000 pounds 
of crystalline carborundum. 

Most of these crystals are 
not remarkable as regards 
their size, but in places 
where hollows have formed, 
large hexagonal crystals are 
found, sometimes measuring 
4 inch on a side. At the 
distance of 10 or 12 inches 
from the core the crystals 
suddenly cease, and, instead, 
we find a thin layer of a 
light-green colour, which is 
the inner crust of amorphous 
carborundum. Beyond this 
is the outer crust of amor¬ 
phous carborundum, and 
this also ends abruptly in 
unchanged mixture. Other curious substances are some¬ 
times produced in the furnaces; for example, silica, which 
has the appearance of spun glass. On opening a fur¬ 
nace and cutting down to the core, a layer is found that 
appears at first sight to consist of very dull black carbor¬ 
undum crystals. On closer examination, however, it is 
found that though this material has the exact form of the 
carborundum crystals, it is nothing but pure carbon in the 
graphitic form. 

After the carborundum has been removed from the furnace it 
is taken to a crusher, which consists of a large iron pan, rotated 
in a horizontal plane by means of a vertical shaft. A horizontal 
shaft, carrying two heavy rollers, is attached to a collar sur¬ 
rounding the vertical shaft, thus permitting a free vertical 
motion of the rollers which rest in the pan. The latter, in 
revolving, causes the carborundum to pass under the rolls, 
which break the mass of crystals apart. From the crusher 
the carborundum is taken to large wooden tanks, where 
it is treated for several days with dilute sulphuric acid to 
remove impurities. It is then thoroughly washed, dried, and 
graded. 

Carborundum is apparently infusible; for after a certain 
temperature has been reached, decomposition commences, 
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without fusion, and the crystals are broken up into carbon 
and silicon. It is quite insoluble in water or any acid. 
Its hardness lies somewhere between 9 0 and io°, probably 
very close to io°, which is the hardness of diamond. An 
attempt was made to obtain some idea of the relative 
hardness of diamond, corundum, and carborundum, by the 
following experiment. 

A series of lines was scratched on a small plate of glass with 
each of the three materials, and the scratches examined with a 
microscope. The appearance of the lines made by the diamond 
and the carborundum crystal was indistinguishable ; but that 
made with the piece of corundum was quite different, being 
rough, and not presenting the clean-cut outlines of the 
other scratches. This seems to show that carborundum 
is much nearer diamond than corundum in hardness, al¬ 
though it is not as tough. The specific gravity of car¬ 
borundum is 3*23, which is less than that of emery, 1^ 
pounds of the latter being equal in volume to 1 pound of 
the former. 

Carborundrum is chiefly used at present as an abrasive, for 
which purpose it possesses many advantages over emery and 
corundum. The Carborundum Company produced during the 
year 1896, in round numbers, 1,191,000 pounds of crystalline 
carborundum. 


1 UNIVERSITY AND EDUCATIONAL 

INTELLIGENCE . 

Oxford. — Prof E. B. Elliott and Prof. H. H. Turner have 
| been appointed Electors to the Savilian Professorship of 
I Geometry. 

The Board of the Faculty of Natural Science have given 
! notice that henceforth in the Final Honour School of Chemistry 
the use of books in the examination in Quantitative Analysis, 

! and in any part of the examination, shall be at the discretion of 
! the Examiners. 

Trinity College has decided to build a laboratory adjoining the 
existing laboratory of Balliol College, and communicating with 
it. Such action in favour of Oxford science on the part of a 
College, far from rich, is especially commendable. 

This term Mr. II. H. Champion, of Cambridge, is lecturing, 

• for Prof. Turner, on “ Lunar Theory.” Prof. Ray Lankester 
' will lecture on Arthropoda, and Mr. G. C. Bourne on 
j Mechanical Theories of Development. Dr. Benham and Mr. 

! Bourne are conducting the annual summer course of Practical 
| Embryology. 

Prof. E. B. Tylor’s subject for this term is the Anthropology 
! of Political and Social Institutions. Mr. Barclay Thompson 
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